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1 (57> A ThTbeen clarified that RecQ4 he.icase gene belonging to the RecQ helicase gene family is = ^e of Ro^ujd- Thomson 
syndrome By detecting the occurrence of a mutation in this gene, Rothmund-Thomson syndrome can be examined. Further, pounds with 
Rothmund-Thomson syndrome can be treated by using normal RecQ4 helicase gene, its protein, etc. 
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D^A>F-hAV >3fiEigi¥ (Rothmund- Thomson syndrome (RTS) ; $fc^t£^ff$ 
J&JtSU&^E (poikiloderma congenital)) (is ffitenWz&fo'£WA&mx& t) * 

•tWXCD&M^ K-f y<DlRI4E. ^"^ h • n*A>K (August Rothmund 
) *s%0«>T«^Ufc (A. Rothmund, Arch. Ophthalmol. 4:159 (1887)) 0 1936^ 
f3&oT. 3SaoBB*4E^ K — — • hAV> (Sidney Thomson) #^Jfcj£j*g#fs 
<fclfc 3 A©J§#£«^Lfc (M.S. Thomson, Br. J.Dermatol. 48:221 (1 
936))o ^(Do % 2 X\tmzmn^\^X^tio £*x£©2o©fi«-rSEg 
**WiD^A> K— hAV>^{£g¥ (RTS) LTfcl^tlT^So ZLCD&mitm 
* & AHOiPtHl C IB t T ffifS^ tefflS $ tiX *5 •? s £ tl * T (3200£itg*. 3 D * A 
> K- h AV>^{£f¥©*#J#^y;*£££ D$gg£nT^£ (E.M. Vennos et 
al., J. Am. Acad. Dermatol. 27:750 (1992); E.M. Vennos and W.D. James, Der 
matol. Clinics. 13:143 (1995)) 0 A > K - h A V >^8MDEg*fi<J&tit*Rl£ 
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temz^fex* {si$v&m&fa(Dmm?L&&z ^ ^.m^tsm^^ (m 

osaicism) d h#^£*iTO£> (K.L. Ying et al., J.Med. Genet. 27: 

258 (1990); V.M. Der Kaloustian et al., Am. J. Med. Genet. 37:336 (1990); K 
.H. Orstavik et al., J.Med. Genet. 31:570 (1994); M. Miozzo et al., Int. J 
.Cancer 77:504 (1998), N.M. Lindor et al., Clin. Genet. 49:124 (1996)) 0 J£ 

(Werner syndrome) -pyjV— A4eMH¥ (Bloom syndrome) CDPft^lbM 

) Its ftfcRecQ DNA^'j^ — fe*77^ U— £JRU DNA^\ U £ — tf & 3— \tf 3* 
flBS0RecQ»£^©*^D^£ LTI^^ftfc (K. Nakayama et al., Mol.Gen. 
Genet. 200:266 (1985)) c *J3§S©RecQ DNA^ >J # — fe'CDlMtlO^^n 
ttlt ffetciil^e (S. cerevisiae) ©SGSl;fc«fca f #gi&S (S. pombe) ©r 
qhl + #!ijAE[£ti,T:fc \) N g£§GDSGSl*3 J: t>*rqhl + ©^Mte\ ffi^SIS (S. cerevi 
siae) WtC^^T^^gloIM^x^ffilBim^^M^tr^C Ds #^S#S (S 

. pombe) mmz&^x\±smiz&^xm&3Li$Mmm.xig i ^z>z t&$a<bnx\,^ 

2> (S. Gangloff et al., Mol .Cell. Biol. 14:8391 (1994); P.M. Watt et al., 
Cell 81:253 (1995); E. Stewart et al., EMB0 J. 16:2682 (1997)) G 
P*A> K- h AV>^^g¥©HHpi<E : ?{30V^Ttt.Hi^?>tLfc3AOD^A 

xutzztfrt>s jgMm.fc^i±m8m&mz&z>t^m$tix^z> (n.m. Lindo 

--*t^aL, Clin.Genet. 49:124 (1996)) 0 L*>L&#£>. ©J^Hjt^tt^ ft 
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##gBJ#£>fci\RecQ^ »J ts—MMi^yy 5. U — {3«-T 3RecQ4^ »J £ — t?$g£ 
^£=1- KTacDNA£-r-C-fc:JMILT^£ (^I¥9-200387) o *^BJ#e»Ji. d 
©RecQ4^U#--tz«l£^#D;XA> K - h A V >^f^©J^HJSiS : ?T"$> ^> rT 
#&t£#&££:%;Ls RecQ4^'J Hz£n- KT^y ADNA£J£8tU ^©I^'J 

*ttSRecQ4^';*— t?j»fc^©^©**s£i§^fco ^<£>*SJ!I. laifcLfc 7 A© 
D*A> K- hAV>i^jjHt*3 A^RecCHMfe^^^^niz^L 
T^ocii^B/UU^o iti^Oif©^ 2 Al£5E,5i§T-& !K d©2A©^;ft, 

(3{iRecQ4©fe^©^m* s #^^^B?)nfc3 RecQ4jife^©^M^fE 
m^F$:7£% ! btzt> U DXA> K - h AV>^fg|p©J^H£&oT^&i:#;L£> 
tifeo BP^ #lgB#&£>i2: N RecQ43tfc^#n;*A> H — h A V >«IP©j|C@3t 

RecQ4^';^— Jfaife^CD^S^tfttU-rS^ htzj; 

(1) RecQ4^U^7— fe*^=J— Kf-2>^V ADNA, 

(2) ( 1 ) {C|3«6©^y ADNASr^tf^^ — . 
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(3) (2) £H3tE©^*-£{£J#-r£?g±iftt. 

(4) RecQ4^U KrSDNAtfe{«©*3g^J8SfS^t^-r X'J 

(5) RecQ4^U*— KrSDNA4WaJES^t"T5N PXA>b*-hA 

(6) RecQ4^>; * — P X A > K - h A V >^£l¥f£|fc|g 

(7) RecQ4^U j3—Vlz1&&T ZttfaZ^ZMfrblr P*A>K-hAV 

(8) RecQ4^U # — bf£3- KrSDNA*fc{i^©^3SSSffl5tSJ®©^S%tftai 

(9) (8) t!SB«©DXA> K- h A V>itS^tSt?)*atfe^Ts 

(a) j&#**f,DNAI«*4*9!»r4X^ 

(b) (4) t:IB«©DNA*7*7>f v-i:LTffi^T,H#fi*©DNA£if*iU % 

sia?!i£&irrsxg s 

(10) (8) (ZIB«6©D^A> K- h AV>IM^iSt5^T"feoT 

(a) m#*»?>RNAIS*4SSI«i-r4Xg, 

(b) ^#^Cji&CTiiSiLfcRNA*^at-r*Xg N 

(c) (4) t3g3«8©DNA&rp-:/h LTffl^T, #Sf LfcRNAfcttl^W XU 

(d) ;WX'J^XL£RNA£t&mU If tO^flhttit^Xi, £^<fr 

(11) (8) iZgBii©PXA> F- h AV>^P^^S-T-2)^^T'$)oT 
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(a) mm^^mmn^mmr^nm, 

(c) Jiiis Ltzmh*-mmMizffi%im£&j:m, 

(d) jS¥iai^-e-fe-*^DNA*^ffci4^±-e^«-r*xg N 

( e ) U fc -#$SDNA©>7*;i/±T- £te#^©*tSt! ^ Jt«-T £ IS, 

(12) (8) tIB«8©D^A> K- h A v>^£f!¥£Jfc£r oT 

(a) ^^^e>DNAI£*4*iB«ir«Xg. 

(b) RecQ4^«;*— If h*"T £DNAg;fc&^cD^Sai5MWlC:fctt& D 
^ A > K — b&V 

i£«-f SXg. 

(c) iiSLfcDNAWr>t*tftm-rsxg N £^£?#&. 

(13) (8) {Zl3tg©PXA> K- h AV>jiiS^St5^1ffeoT 

x 

(a) Jfe#*»t>DNAIfi»*gB«i-rsxm. 

(b) D7A> h* — h AV>jSf^i3^^^^^S^^5itf 
£ft£-*fCD (4) £fE«©DNA£:T7-r^— fcUTffi^T* ^#S*©DNA*ii 

( c) #e>*i&iiffig&lfc:#U TH3©(i)* i ?>(iv)©^m^©-^t©^- U n 
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(ii) ^SII^^O^^St^iS-rsM^tiisitS^^^S^r* 

(iii) m^m^<p(D&mmgti&mtt$:mm?2>i&mi$5 3 xmttjizxs 

izSfifcLfc^- U ziy. & K&cfcU^ 5 5 *SSS©|» t) CDffiS (5 5 fUJ) #3' 

(iv) «»4>cD^^^£z^r?,M^{z43(t^^*i:^f^B^t--5) 
t)©Jfi3l (5' fsij) #3' i^h^^iafc^bfc^-UzT^^lx^-^ h\ 

(d) ji«gufc^-y ^^^u*^ K*tftm-rsxs. &^t?#&u 

(14) (8) fcg3ffcCDn;*A> K- h AV>^.fgg¥©1taE^^T-$)oT^ 

(a) W^KS3ft£H«-r*X« N 

(b) RecQ4^U^— tr{z*f-T?.m^*s iibfe^ >;^WsO$ S 
*«Wa:, i-ts d*a> K- h^v>ii» (RTS) CDJ^H5t^fc:|8-rs 

— h-n^y adnao^is^j^ib^j#-^ : i (mammmm) *> £t>*i2 

##gBJ3©RecQ4^ U t?£n— KfS^V ADNAteu la^JS^- : l~3©V%-f 
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DiiflgU £&T-££o 

A V>&mm<Dmmzm\,^fz®(DWAlzmT2>o Z\(DdMi^ $?i;L<y:RecQ4 
-\U fcf£lJ — K-rSDNA^}t{±^©%3l$lJ^Sl^{Z#S^{3/^^ r>j *y X 

3kl*T, L < i±X h U >i?i> h&;W XU -If— J/s>^T^ ffe© 

£.Kl*^Z\£%mTo Z\CD£o &DNA&. ^IH^JC^tZ^M^T*^ <tfe«fc^ 
^ M^T, 4>fc<i:*70%. *?i:L<fc*4>&< h&80%. L < &90% ( 

r^-f^— fcLT/HV>£>ft£»-g\ ^UU^^U;*-^- Ffciu It, 15 mer~35 
mer-£&!3. $?^b<i±20 mer~28 merTfe^o 
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©T-*«fcV^o 7*D-7tf 7'J ^ Xt^iii: ITit RecQ4-\'J^7 

Irtish LTflH^ti^o «ia-r^^rffii: utit m%.&**)3ji2i<*3-Y<Di& 

^izl±[y- 32 ?] ATP, 7>^A77^7-g, PCR^©«^r(C{i[a- 32 P] dCTP 
^fe{iv=fdrvy->(digoxigenin/DIG)-dUTP N in vitro*s^^;i/&©j©^fc: 
&[a- 32 P] CTPiifctiDIG-UTP##(:f £*i£ 0 
#$gBJJ {343 & l" d ^ A > K - h A V >*£fl£P©tfc£j RecQ4^ U * —If 51 

^©^s^tftm-rsci i:*^fStfcrao 2|s:iBiet:*v%T r o ;x a > f — h a v 

£^ *^§BJic:i3itS r RecQ4^U7^—- tfilfc^CD^MOf&tfij fcteU DNAl^ 
b) *»BJ©DNA*7*"7>r -x*— i: bTfflV^TH#S*©DNA*Jg*SbN J£Sie?!j£ 

ft^t«xi> & J; v (c) ?*^bfcJiaiie^j*fii##©^i:JtR-rsxs N 
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S^tfo JSME?!]©agE&££fcJu RecQ4^V A DNAfD^IE^'J^iS^^ T&m 

RecQ4 cdMcDmmmzmw&feTzm'&t&zbZo 
RecQ4^ y 2±mA(Di&mmzmmmfcT2>m'£i\z,mmfrt>'f; adna^hml 

. RecQ4it fc^f^ #J & -k > * 7" ^ v - h 7 > ^ -fe > ^ 7°^ -f v — £ ffl ^ T J&# 
© >f V A DNAfr ?> RecQ4itfc^ * fill T § oRecQ4i!fc^ ©11(6 (3 & 3 r ^ 4 
O*^(i20 mer~28 merTTmfay:65 0 C~75 0 C#$? £ L^o * fc-fe 7*^ -f 
h7>^>X77^ v — K «fcoTJi<i£*lSRec(J4$V ADNA©^^{il kb~l. 
5 kbTfe^c: * L^o ifct>^77^7-t7>f-tz>777^7-tt 

sJiti^n§RecQ4yy ADNA»rM-©5 5 *5^I>*3'^CD50 bp~100 bp#ffe©»r>t i: 
m&!9> RecW^ ADNA©t£^t&fc«fc- : e6.5 kb£jbv*— -f S <fc -5 fci&J^-ra £ i: 
#S?£L^o Rec(Mj«fc^©$eS8S#^*iilIU ^SOMtbT* 

£1^ if(g£ftfcKTtt©£gie#l?fc5£fciu 0>J;LJ^ Hattori £> [Electrophoresi 
s 13, pp560-565 (1992)] fz U IBf^^nfe PCR£^<— ^(3 Lfc^&tzJ; 

IP*k Perkin ElnerttSS©^*^ t^*^ ^ — 5. * — * — 
^f^PRISM:/ — ^>:>>^>.y h^^otHjiS^lrlV d©Pg±ii|g£ft£Rec 
Q4^y ADNA»fM-(3#MW^r^-r y-%ffiOSo *^T% Applied Biosystems 
ttW-hy-^7x>+f- (^;b ABI 373) T'Jgaifi?'J£l%«^Sl *K PftJS© 
Macintoshzi>t^ — * — (cj; t)^*— ^©J5¥«f%fTao £H©*iJj£t± N 0j£fcJ;Se 
quencing Analysis (Applied Biosystems4±$50© «fc "5 &J£y&i2£iJfl¥#f V 7 h£ffl 

v^t> i&mm%w&(Dmz(D¥—?T*mtD-tz tizxvMffirzzt&T'gz 

©RecQ4stfE-?©yy ADNACDJ^SlH^J^^^I-^BCb 0 — £ ^l\Mrt & Z t iz X 
D^tfttiitSCh^lSo lifcSfcfcfcts DNASIS©<fc5J&:M£IB?!lig£V 

JEffT&RecCM^V ADNAiE?!JfcJSi#©RecQ4>7V ADNAiB^J^Jrt^T S d £: ?K 
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RecQ4 cDNA©i&SlB?'J £ mmVlfef- & m&l±, t> MM L fcRNAa*4*» M 

t J: t) cDNA & S9I$ L N RecQ4atte^ ft & -fe > X 7 ^ -f ^ - h 7" > ^-fe > 7: 
r^-Y v-£ffl^T/fe^©cDNAfr£RecQ4^fc^£i§i|I-r&o RecQ4iifc^©iii|S 
KHsttZy^J 0g£fc±2O mer~28 merTTmfili65 0 C~75°C#£?3; LU 0 * 
fe-t>^7 7^ ?-h7>?-fe>^77^ ^-Cz £ t^Tti*g^n-2)RecQ4 cDNA© 
;g£ttl kb~1.5 kb#$?i; L^o St-t>77 , 7'f 7-t7>ft>^77^ Y 
— fcfcxJ|Ml£ft5RecQ4 cDNAmtt-©5 , :fcJ;tf3 , 3fcifi!CD50 bp— lOO bp^ffecDgfttt-^ 
mfctK RecQ4 cDNA©£^JSU3 £-£4 kb£ tS <t -5 fcS&3£-f S ± * 

, Hattori t> [Electrophoresis 13, pp560-565 (1992)] CJ; 9 i2*B£*ifc PCR 
^^-^iCLfc^iSCJ; Dfr -5 CJ:tfT?l5o IP^x Perkin Elmer*±S^©m7fc** 
^r^y^- ^ * — $:^^-r a PRISMA — ^:c>»> >^3r y h ^otS 
JSSSfrW 3©Pfiiiti^tLfeRecQ4 cDNAKrtttc^Mftft:^ -f ^ — Sffl^So & 

Applied BiosystemsitM©;^ — h is — & {=t^)V ABI 373) 

ME?!l£I^BltK PftS© Macintosh^ > fc-;x — ^ — fZefc t» 5^*— ^©Mf/r&tT -5 
o gg©*1^8\ #"Jx. ^"Sequencing Analysis (Applied Biosystems*±S!0© a 

J: QMtit-fZZ £#T"^£o HP^k iEm^RecQ4jtfe^©^y ADNA© j&SIE?'J £ 
&t>T&M<D b* — * i:*#cDRecQ43tfE^<D>y J y ADNA©JMSIE?!J£it;b-r$9fc© 

^-^*Jt«-r*ci:t:«fc oaesstfttti-rs^ii^T-^So dnas 

IS© «fc r> &££!B?iJig3l V7h TiE^J *»*f f £ £ t lz £ £ ft o z £ #t # & 0 
ip-fe, zi >b'oL — ^— ±T"IE^&RecQ4 cDNAIE^'J ^#©RecQ4 cDNAIE?'J& JtR 

#$gW©tfc*:£$£fc LTJi N CI© J; ^ (zjl^^#S*©DNA©^IB^J$:^^T 
£;5ffiJW&fc&«*©:£&£^£z:fc#T*££o ^©— o©s*Mtfci> (a)0#^ 

zmmnzmWi-r sig, (b)##gBj3©DNA£ -r ^— utah^t,*^*© 
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DNA£iilg-f axg N (c)JigLfcDNA*-2(!:^DNAtzjSI(St$*SXg x (d)8?{§t£-£ 
tz - #&DNA£ # gt4 ^ ;i/±T T * lis *5 ct I>* ( e ) #«i b fc — *HDNA© >f ;u 

CtDct^^SiiLTs PCR-SSCP (single-strand conformation polymorphis 
■u £*i£o PCR-SSCP?££fci\ IrJ DS£T-J£SIE?'J 

©H ft & -#ilDNA&^i*]ffl5ftffl fc: «fc o T mta Z> l&km&& t 2> #Stfc: N *fi 

NAta &g * * fc V ^ifcfUDNA £ fcfc m & S i: D n# ^;UT- L£*§ 
^fcj8ofcigi&jg£**U Lfc#oT^£t£tt}-f £#-e£S(0rita et al 
., Proc. Natl. Acad. Sci. USA, 1989, vol.86, pp2766-pp2770 ) c 

PCR-SSCP&lCj; DRecQ4^V ADNAfc£<^y:RecQ4 cDNA^cDlB^J^b^m-f & 
d ilAs-e^-SoRectM^y ADNAA»^>a!^*tfeair*»^^ RecQ43te^fllft& 

■fe > * r ^ -r ^ - 1 t > ^ -fe > ^ 7° ■< — * ffl ^ t itti? x w&m CO >T J A 

DNAfr A, RecQ4jt1S^ £ Jifi "T * o iCDf&T"^^ — lb3zi%&m& t: «t t) 3 2 P 
f7i;WV h-7illt^<o 7*^-r ^ — ©S^(i20 mer~28 merT-Tmfi 
fct65°C~75°C;W£LOo * fc-fe >7s 7*^ >f ^- i: 7" >5^-fe >X 7^ >T ^— (3 J; 
otii*g£*l£RecQ4'*V ADNA©:g£ &300 bpi^ft Ll^ £fc-fe 

> * y << v — t t > ^ -fe > * 7*^ ^ ^ — te.mm $ ti z> ucwf ; a dnahjtK- ©5 

' i3 «t 153**^60 bp~100 bp*sflb©»fM-i:M35:!5. RecQ4^7 ADNA©^^i3 
£^6.5 kb£*^— ■r*«fc-5fc:i9:5£"f sc: ii"l>s£;ft,fcDNA»T#£. 
Jp£0.3 mm~0.35 mm. :S£40 cm©5%#£t£tf U T7 ijji/?^ b* 

RecQ4 cDNAfr t, &g £ tfcffi-T £«^fci\ IM L fcRNASC*4*» f> Sang^t: 
£ «9 cDNA£§§M URecQ4jfifc^f$g#J&-fe >7; 7*^ >f — t 7 >^-fe >^ 7^ <i 
v - £ m <fc tfJfe#©cDNAa» h RecQ4itfc^ &J£1g f & o - ©Pg 7*^ >f 
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— ©5£&20 mer~28 merT-Tmifiii65 0 C~75°C#$? g= b^o ^fc-b>^r^>f7 
— i:7>f-fe>777>f v — tC«fc^>Tii«£;h,aRecQ4 cDNACDS£i;£300 bpWf*] 

£;M3RecQ4 cDNA»?M-c7)5'^J;l>*3'^5^(D60 bp~100 bpi£lfa(D$\Fc bWLtt tK R 
ecQ4 cDNAO^«i3«t*4 kb£;*m--r £ J; -5 fcUgJtTS - Ll^oiiH 
£nfcDNA®TK-£. J¥£0.3 mm~0.35 nun. M£4Q cm©535^£t£# 'J U )V7 = 

A^cDNA©^©M^(3^^Wt-^>^§^^^t-^{C{i, Remm&^(D±M 

M*3j^—-r2>nM*mm-&-f, ^^iiL^^mkm^fzif^mmLx^mzm 

2; tz, £ L tzDMcoiXto V) izMAZm & |5Jtilcf&m-f £ d i: # qj 

mT*&Z>o Z\<D£oteJ3mt, (a) B#fr£RNAI£*4£SaM-r&XfI N (b)*^£ 
lZfoKTMmLtzRM*frffl.-r2>J:m. (c) ^ttiqItg^ii^^bfe^B^©DNA^ 
7°D-7i;ltffl^t, ^glLfcRNAtc^L^W 7 V X£ iiZJim, ( 

d) ^-i-7"u^^xLfeRNA^^i±}b. mmm(DMmttmT^x.m, z^$s 0 m 
£fzizfjis±x(D&mm(Dm%:ii$iiti-tz>o 
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-f£X*§ N fcitf (c) Ji<gLfeDNA»rM-*tftai-rsxS, £^tr#&T"&£o 

:0J;^j:Si}:lTli> 0!j*fc£MASA (mutant-allele-specific amplificati 
on) &ix5 (4R*t)x 15:2211-2217 (1977); ^¥10-20149 

8^^$S)o 

fciiisu y;i/SM^Sj<£ff -5 h(3£ *k ^^T'u^^tftttj-rs^ 

11(577^?- (5' (PJj-b >X77^ T — S£53' fI!|T>^-fe >X 7* -7 7 — ) 
3- KrSDRASfctt-^©^gafi|5fS«E*^fc lfc^(:il^i:77^ v-- 

Stfr?^ ©3' *Jg & 5 L^o — ViM7>?-± 

t7u;i/) £ & o fc ® k {£5' fuj-fe yxy^y -i x 7 — ~? u £W XT-s 

f7WO ^ ft 0 fc jg^ {i5 ' dy -tz>^^^^^_ #4 
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95°CT" SftmcDlmm* 1 Efr ofe^ 94°CT30#P^©^nHa> 50°CT"30 

*%W(DWimij&(Dm,cDMmi±, (a) s^#^DNAtm£siM-r£x*§> (b) 

(c) f#£ftfcii<gg|^tz2if U TIB©(i)*^(iv)©^-rtl>^CD— ^fCD^-U 
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) #5' ^JgfcfeS«tot^Ufc*U=f7^U^-^h\ (ii) 

&f&ls1Z*V3jt&l'*?- K*5«tUt^3' 5feSBCDl» t) (3' (|g|) #5' * 

iSfcs&S i^t^fiELfc^y ^^^U^-^- h\ (iii) IftejU^'t'CglgEgiiE; 

U5' m%(Dm*)CDi&& (5' fUJ) #3' $&ht£Z>&o t-^fifeLfc* 0 =J*^ V 

»D<DJg& (5' ill) #3' ig^«cS«t'5t:^Lfc*'J=f^^U2|-^-h*]*-'N>i' 
/•J^VX^t, iti^t'J^^u^^ISt^l^ *5«fct5 (d) 
L ^ 'J 3 ? ^ 1/ ^ f K ^f^tH t S Xg, S^tfo 
d©«fc-5&tftHl^^i:L/Tl±s OLA (Oligonucleotide Ligation Assa 

y) &&m-ft>tiz m*t>. m%km.¥ 15:2211-2217 (1977); ^^¥10-201498 
^&n)o £t\ &&&&&&& (^mtf^mztizttHiL) frt>±m.RzrFmvim 

! fc laPH £ & ^ T 7^ >f v — £ Kfj- u -VmmE.Jfo ZfroZtlzX*) 

^^r^w^-tTcffitttt^tiift^rscih^-ets^x #?g;L<&. 100 

bp~200 bp fc«cS<fc-5lzlS:^-r«o 7'^ >f "^-£D7 * K«tcoi>T 
&f$t;:Pg^£ft&^yb s . 20 mer~30 mer©&©#£?£ t^o 

RecQ4^\ ■> # — t?«{E^©J£Sie?'J£ * i: ic, iusBf&ffi*f^g|3&#3' 3fc$|£ 

*t&gMfc©»©ffi& (3'ffJ) #5'«£&3J;5k:l8~30f©©:*y ^^b:*^ 
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(fcl&fciU ^it»=^y h (In vitro Mutagenesis^ h, ^?I3tttS!0 

£©BB. tlt^ l> #— -tffijfofc: «fc DitilSLfc^-U KOttSiXtf 
tfcffi£&^fcr-r£fc«>l^ $J;Lfcj:\ * U if** l/^f-^- KAGD5' 5fcagi± N h*^5 : -> 
& h'T* mm, L T *5 § . ;* U y- 9 1/ ;T K X ©3' 3» & V zJ * is >J - > - 1 1 - ¥ 4 

x*t^— >^^* x 2i-';iJ?^b^-^-KAi:x^%ji*g^-&i,o ^©dna 
cassis fctam-r a £ ^ #t- t s 0 

©3' *^* s ^MDNA©^T^^S^^S^^^-T^3i:^T^^V^A?)^U 
£ flic 771/ * U 7 ^'^h*T"^l^b^^^3^i>>7 , ->tri#:§ftffi^ 
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-£T &M&Mjfoiitttti£;i'l&l , > (Delahunty et al., Am. J. Hum. Genet. 58: 1239 
-1246,1996) 0 

tU^^^b^-f KBtXi: £oT MfeS/fe t & o Jfc§i§r tz 

^-rtKDm^x- bm&Rfotfi£. ttzm&it^?- u g.mT°&z> trnfegn, * u of 

^BJ©^m^^«sRecQ4^U*-^(3^T^^*^fflUT^o-i:^pJf6 
T?fc*o ^©loOSiStt, (a) W^«s&ft£6l§aT3I^ (b 

(c) Stt«:t^t5^>;^R4tiait4Ii> £-a£fo 

U ^D-t«T'*^Tt)ct^o RecQ4^U t? fcJjg^T^l/WfcfciU 
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tLXte, *mnT'$&m£ J &2>m&l&. #'Jx.kfpQE30 (QiagenftM) (D&ota^Z 
Z—tiK /t^ri d t>4)W<>7* — tzttpAcHLT-B (PharMingen*±S!0 ©«t 

Sfc'*** — fc<EfflT-#3o -CDili^ ate^M^tFlag (Chiang, C. et al., 
EMBO J., 12: 2749-2762 (1993)) ^xhis (Immunol.Meth. 4: 121-152 (1990 

n^A> K — V >mmmi§^lz&\\Tl£.RecQ4^V •b—JzMittcDg.miz 

- h AV>^f^^©^^o^^(zt«-r^C 3 (^II¥1 0-3 11284 

##P^©Jnffct«t3:fe^Tx RecQ4^ «; fef© C5fcS8fgi$£&g&-r Strt 

*>©* i «l)gS^lc: < fca*©* i *tftfi-rSii:* $ T^So HP^x RecQ4^U * — tfjf 

otz&mmmfc^cDmmmvQ&mjg.mnft&z: -otzm&s N%.mmmzttT5tfi 
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f(:fiTbX^-S3^*^e>nT^D (Yamabe, Y. etal., Biochem.Biophys.R 
es.Commun., 236: 151-154 (1997)), HPS, RecQ4^ y £331 *k 

^fcfcgfg LfcRecQ4^ U ±— -M 3*te^©raSRg^ ft&l^ - t &M%. 

^if^n&o mwafcau #®^si*^tfiSffi?S["e';->^^*fc 

KT'>;i/K8t h U »7A(SDS)£^tf SDS^UT"^ y;i/T5. K ^;i/«M^t!j 
(SDS-PAGE) T-#glU m?.7^^-l:^>;^l^e?lfci, RecQ4 

tr^-So ^^^If^ (enzyme-linked immunosorbent assay, ELISA; I. R 

oitt et al., In "Immunology", The C.V. Mosby Co., 1989, pp25.5-25.6) ^\ 

mmwK(Dft&{b¥Mi!&yk&m^TtecQ4^ a— t?©tfcm£fr-5 ^ i: t» t* t 
gift©* w^Kot&tmc&^T&s «&£Si$©* w^Kfcfcf-rsi/t 

<*:*Sa8-rS2^in;<*:t:^LTffll^SClfc*)T-$x gift® * >;^ff fz 

tt't&ljimzlfc'&lsTm^&Zt&T'g&o ±ffc(D m^X. RecQ4 



WO 00/43522 



PCT/JP00/00233 



20 

tft^tffll^^iiASqrgfeT-feS^ ^S^hUTffl^ail^ il^s pH6~pH8*§ 

so^ffifS (may hepesissj^, ztzitirismwm) zmw a 

£fcRNA. cDNA. £ fcfct* Wi*JSfcjbS*£tfc£T-fe*lfcJ:. «Sm#T*RecQ4 

mm iz a a^o & o t^mmx* & teffl-e § a 0 «^ >f a- ^ — k «t a is n s j& 

/^^Epstein-Barr^-f ;i/^(CctoT h 7 >77t — A Lfc&BJI£& ^ & d 

tBfcfc. RecQ4^'j5b— — h*T -SDNA^^^^-r^o RecQ4^ u 

- K-TSDNA£?S*3IS*: bTfl!^£»-&s RecQ4^'J fc?£=i — 'TV ADN 

ACD£g:g b < fcfc— SBx ££y:RecQ4-NiJ£— bf cDNA ( fc b RecQ4~s U # — tf £ 

^©*&fc:«t t)H#t:lft#-rSo &#^tbTtis >f>h:#?£0tik x^t 

* m ^ a ci h * nitfeT * * o 

dtitcj; ^IfftrtC^I^^ bfcRecQ4^U Hf jlfe^^iE^jte^ 

D*A> K — h A V>^fgg¥c7)^Mt|8-rafl!l©^*{isRecQ4^U * — t?£ 
^M^i:t5. RecQ4^'j#— t?fcj\ ^©^W^Ri:lTs fifca^J 1 *!^ 
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&z&ffi*mmisiztm*.*>ji?n£ Lxmrn-r^^ti^x^^o t hRecQ4 

iZ fflftlCDfim^ 0'];Lfcf, RecQ4-\ »J * — ■ fe* tzttT §M^ffl^fc77 -f — ^>f — * 
D v h ^ 7 — £*t? £ i: V) N RecQ4^ U 4?l8S©^Miffi-£«BflS (0'J 
W^-^l^s chronic myelogenous leukemia K562$fflJ3S^ promyelocytic 1 
eukemia HL-60$fflJ§£, HeLa«) ^Jftgg-f £ £ h#qj#£T-& So 
W^Sfii, m%-&. RecQ4^'J# — b?£=J — K-TSDNA (003. BB^I#-^ : 3 

iV^JIS (E. coli) ^ti^o ffll>£ns$g3E^*— N l&aEJRBIIS'^©^ 

»l©;£i*£ffl^TfT"5 3i:*ST*#-Sof§e>nfcRec(l4^U ft— tf£o;*A> K— h 
A V >#MSf CD^JRH LTffl^ii K i±s RecQ4^\ U ft — tf £ ifi^^^ f 3 £ 

D*A> K- h AV>^g¥©#g^£&.RecQ4'\Uft— - V&LB=?<DftM<D&T 

tfmmzm-s-LT^&m^i&mzbtiZo '&-?t, RectH^uft— hm^cd^m 

ZVZM • ±^^*5ii:(: «fc p*A> K- h A v >#^i¥©$gMft£fr 5 - h 
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RecQ4^u ±>— vm.fc^v&m.mBmw (t°v —mw,^ >^ mm 

$;vi/7i7- 1? • l/^-^-^^^-tzm^^, igit&OJKzSALT^ ^A 
fc NRecQ4^U *-^3g^©^3Eifigi5^cD^Si^!J^IE^JS-^ : 1 

— -b? at^^^tf ^n^o £ £ <r n © i/ ^ — ji^^ & # — 

7^^— bfv^'-^-^^-pRL (Promega*±iO #;p(;ff>*i3o a*Aif»^ L 

t hRecQ4-\'J ±> — -tzMfc^CDT-n^-?— mW,*Mfr&A;fzU-#— Mitt 
%±i&(Dj5mz J: D t h&3i^&1t;i/©i£ll$Mt;^AL^#-r&o 
^©IS^^^tg^^^^Ob. 4 8BtP^{z$fflJBaj*mM*lli^L. (Ya 
mabe et al., Mol. Cell. Biol. , 1998, vol. 18, pp6191-pp6200. ) £c|3ig©^^ 

X'Mffi.mmm'pcDjisi/ y ^ => — t? *st$£t&m-r ZoVi-tomw £ & t>Re C Q4-\ * 

RecQ4-N u * -~tf 3He^©#8S fcffiSI • ±# £ £ * hltffl 
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i~6) zmto ±xm^wn ui.3, mm (11.6. &m »dxa> 

1.2* 1 1. 4, &£mi.5l±nx&> K- h AV>Mll^T"(i^l^©T'l?^/f^tl 
Tl^&^o f£tt £ T"Sl L£ 1 1 . 1&. i&^mjIJC £ ^I^Tte D * A > h* - h A V 

03S#£3fifcLfcl^©TWM;:7^^CD^2c (mut-1) & cr £&t>iy> o fc 0 

(a) fcfc*mit-l*^trfK*£ Wt^l3- Kfa*S©S5S1641~1672) (Dt&M 
IB?'J£* IE^J:t>^SRecQ4itfe : ?£co^T^Lfeo mut-1 (7iM;*£) Offib 
Htr««*s MmA3£t>*{3o^A> K — h A v >^SI^II.243J:l>*II.6ct >9 
HSLfe^ ADNA£/B^TPCRfc:«fc DJffllU m«IB?'J % #P«f t fc o lEfStfectV 

(b) £fcbnut-2£^trfE*S W^K^- K^©B*2257~2280) 

©5ll3ffltr^^> ItAM*tD^A> K— hAV>^ffifH#II.2*«ttJ f II 
.6<fc tJUKLfc^'y'ADNASffllNTPCRt.J: DlgfliU (a) h iBjtBtlfc&r t &„ 

11 3 fcJu mut-1 ~mut-4{c £ «9 £ C & ^^RecQ4^\ »J * — tf ^CD&zSEIT & & o 
TiE^j i±^D-->^*^n^RecQ43l^©^- K^^?>^^ti^, 1208 
T ^ y ^©^^RecQ4^ 'J jb— fcf £^To^£ttttfc^fc*:£T©RecQ^ U ts — 
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iM©RecQ43ifc^©ii£¥j»^ MSA©^*l£> ttm Lfeo RecQ4^tfe^« 
S#JI£>ftfcD;*A> K- hAV>S!SSlt (II. 3s AG05013X RecQ43tfe-?(3 
^£J#£&V>fl!i<D3A©n;*A> K- h AV>iilSHt (NIA, Aging Cell R 
epositoryS*©AG05139*5ctt>*AG03587As IVtR. Millert#±J: >9#t^£ 
C4398), *5«fctJf®ffAtE6*rSJSJ»i8Jjt^fla^&^U(A) + RNA*S8MUx Re 

hfl¥#r£fTofc«, WfiPIRmi: LTGAPDH mRNA£ffi^fciJH5£fc?Tofco U — > 1 « 
£t3TA> U — > 2 (±11.3. U — >3t±AG05013. l^ — > 4 J±AG05139. l^ — > 5 f£A 
G03587. U — > 6 l±TC4398©*gl£T & S o 

IH5(±, »**LfcRecQ4SB#gaK£^T^I*-e&So RecQ4© 

AGETrfcttU &®j&CD^;i/£CBB3fefiL&<> fr^mitmi kDT-feofco V — > 
M: fS^M v--*- ; 1 ^gs lx — >1: JfifM^SK ; 1 //K 2: *g3£g 

fil ;2 //lo 

-f>^£fTo£ 0 U — > l:WI38/SV4(k U — > 2 : RTS-B (mut-1, 2). b — > 
3 : RTS-E (mut-3, 4). U — > 4 : RTS-C (g^fcLK tx-> 5 : RTS-F 
Do 

562&BJ8&I21M h^f>T-X^-r K#7*fc:4g5gU inRecQ4in^:2 /ig/ml£ffl^ 
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% m * mm tsfe ftci^oM 

[HJIBfll 1 ] RecQ4^ U # — \m&=f-<DV J ADNA© * n - - > ^* 
t rRecQ43tfc^©^v' ADNAttPl/PAC^>T ^ U— ->7CJ;oT 

f#^tlfc 0 Pl/PAC^ 7^ 'J— &[Smoller, et al., Chromosoma, 1991, vol. 1 
00, pp487-pp494.]{Cf^M^/^IBtg^tLTi3t)s Genome Systemstt&©fc©£ffl^ 
fee** U— ->^*liRecQ4?tfE^©^ 2 1 ^ V X^^IS^'J^^f 
7°^^^-Q4P (5'-CGC TTC TGG AGA AAA TAC CTG CAC-3' /IS^J#-^ : 9)&&Xf 
T>^-fc >^r^-T -x 7 — Q4Q (5'-TTG GAG CCT CCT CGT TCC CAC ACC-3 5 /IE?'J# 
: 10)*ffll^TPCRt:«t U^Tofco 'J -- >^«Genome Systems*! £ £ 

^Tfft>tltzoX? U— ->iriz&^Tm btltzVli? D — >#13447*»c>©DNA©'# 
Ml • *fM&[Smoller, et al., Chromosoma, 1991, vol. 100, pp487-pp494. ] td 
gBtfc^&ti Uff ofeolllfePl DNA£if^tcLTRecQ4iaiH^©^y Al&* 
iB9!l*^Ufco RecQ4^U A— If^n— K-TS^^ADNA (ill 

£&fc£Hattori £ [Electrophoresis 13, pp560-565 (1992)] tz £ t) IB<8£ftfc 
PCR£ ^— ^ Clfc tlADffofeofiP^. Perkin Elner#8gCD&#*V 7 s ;* =¥■ 
5/*-^*-*-£^ir£PRISM:>— ^j:>^>^y h*t£oTSJ6S*fro 
feo ^LTApplied Biosystems*±lgCD;t— h is— 9 zz. (^e^;b ABI 373) 

TJfiSfiJ?!l£K*8lDx PttS© Macintoshn> trj. — # — t J; t) r"— #£8¥#rL 
f:. ^*IE^J^tffl^feRecQ43te^^^r^-i' 1 GDiit>T"&ofc 0 
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1 



04 137s 


(5' 


-GTT TCC 


TGA ACG 


AGC 


AGT TCG ATC-3' /l^'J#^ : 


11) 


04 714s 


(5' 


-GCT GCC 


TCC AGT 


TGC 


TTT TGC CTG-3' /B3&J#*f : 


12) 


04 A2 


(5' 


-TTG GTC 


GCA GCC 


CGA 


TTC AGA TGG- 3' /iffi?0#9 : 


13) 


04 A3 


(5' 


-TGG CCC 


GTG GTA 


CGC 


TTC AGA GTG- 3' : 


14) 


04 A5 


(5' 


-GAC GGC 


TGC GCG 


GGA 


GAT TCG CTG-3' /iE?'J#^ : 


15) 


04 A9 


(5' 


-CTC AGC 


CCC TCC 


AGT 


CAA GCT AGG-3' /iSJ«J#^ : 


16) 


04 C5 


(5' 


-ACC AGT 


GCC TCA 


GGT 


GTC AGC-3' m&m^ : 17) 




04 C8 


(5' 


-GGA AAT 


GTG CTG 


GGA 


AAG GAG-3' /i^'J#-^ : 18) 




04 D5 


(5' 


-ACC AAG 


AGT CCA 


CAG 


CCT ACG-3' /®&m^ : 19) 




04 D7 


(5' 


-GCT CCG 


TGG AGT 


TTG 


ACA TGG-3' m&im*5 : 20) 




04 D9 


(5' 


-AGC GCA 


GCA CCA 


GGC 


TCA AGG-3 5 /WH&m^ : 21) 




04 D13 


(5' 


-GCA CTG 


CTT CCT 


GGG 


CCT CAC AGC-3' /IS^J-S^ : 


22) 


04 E 


(5' 


-GGG TAC 


AGC GAG 


CCT 


TCA TGC AGG-3' /ffijaj*^ : 


23) 


04 E128 


(5* 


-CTC GAT 


TCC ATT 


ATC 


ATT TAC TGC-3' /fi^'J#^ : 


24) 


04 F 


(5' 


-CTG GGC 


AGG AGC 


GTG 


CAG TCA TGC-3VS3aj#Jf : 


25) 


04 G 


(5' 


-AGG GGA 


GAG ACG 


ACC 


AAC GTG AGG-3' : 


26) 


04 HI 


(5' 


-TTA GGA 


TCC GGG 


GTG 


CH GTG GAG TTC AGT G-3' /mm*J 


04 H2 


(5' 


-TTA GGA 


TCC CAG 


CTT 


ACC GTA CAG GCT TTG G-3' /i£?'J#^- 


04 K 


(5* 


-TCC TGG 


CTG TGA 


AGA 


ggc tgg nc-y /wtfflm^ 


29) 


04 L 


(5' 


-ATC CCC 


CAA TGC 


AGT 


GCA GTC AGC-3' /KSFU*^ : 


30) 


04 U 


(5' 


-AAT CTG 


GGA CCT 


CAC 


TGT GAC ATC-3' /Wm*5 : 


31) 


04 Z 


(5' 


-AGG GTG 


CCT TTC 


AGA 


TTG GCC TTG-3'/iE?U#-^ : 


32) 



[MMffl 2 ] RecQ4^U £ — -eMfe^oyv* — Mi&O? d-~ 
h hRecQmfc^CDf S ADNA£^tfPl^ O — >#13447©DNA&$J|5gg#fSBainHI £ 
Bglll (SvKittM) T'ifbL, Ztzy^X^ h'^^^-pBluescriptll KS+fcfcBa 
■HIT^-fbLfco Ztit>&m&L14 DNA»J#~ fe* (SffiiiftM) %Mz.T^ 4 V— 
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) ^MiiU *§£*lfc*l»®:3P--#k hRecQ4>7V ADNACD5' ±«&«*£* 
&ofrif?fr£PCRlz£ t>** y — - >^Lfco5'±«£^$£^s£f* d — >©** 
U-->^*(3{±. RecQ4^V ADNAIE^J©M1399~aS1645©247 bp£if4g-fa 
-b>^7°^-r-x'— Q4 S (5' -TCA CAA CTT CTG ATC CCT GGT GAG-3' /iESW^ : 5 ) 
. *J:U t 7>ft>X7'7^Y- Q4 R (5' -GAG GGT CTT CCT CAA CTG CTA CAG-3 
VIE#I#^: 6)&;B^fco PCR£js&$gftfc:. Mf^Lfc3 n --ZDnZ, P 
CR&95°C 5#©£t£©^ 94°C 30# («X 55°C 30# (7-— U>^K 72°C 
30# ©SJ&£3 ^;Mt<^s g&tc72°C 5#HJ&£^£ 0 'KJfciMSS 

TLfePCRSJ^^*2XT*D— J*^;i/-eSm^«JU247 bp©;\"> K#f&tB£ft 
fcDD-~*»tt^Ufco *9£*xfcHM4:3n=— #3 mlcDLBigtfeT-i&SIU 7Vb 
* U -SDS&ldJ; D 5. h*DNA£MLfc 0 ^ LTC©:/^;* 5. KDNA%g|^t 

U r^^^-Q4 A14 (5' -CAA TGG GAG GCG TCA ACG TCA TCG-3'/iE?'J#-5f : 7) 
23<fc£>*Q4 A15 (5' -GAG GCG AAA GAG CGG AGG GTC CAG-3' /ffl.fm^ : 8 )&/S^T 
RecQ44V ADNA©5' ±«ElS^©^iB^JS^ UfcoRecQ451fe^©<g3|:g|S&^H: 
+ ty7^>f hPCR&C J: fJ-rTlc^^^nTt^a (Kitao, S. et al., Genomic 
s, 1998, vol. 54, pp443-pp452, ^II¥9-200387^) o y7it>f hPCR&tite 
lEflt 2> #ffiT* & !K b rWItN»e^©3£¥Sl^i*CI©#S; 
-e^^^ti^[Yamabe et al., Mol. Cell. Biol. , 1998, vol. 18, pp6191-pp6200 
.]« &£<*nfclE¥g8^fci:RecQ4<yy' ADNAJ&SI2?'J:fccfclFRecQ4 cDNAJ&SIB^'J 
©SlSlfcffl^ UI3£ftfcRecQ4*V ADNA©5' ±«E^©Jl«ia?iJ*#tlf Lfcfe 
Sts ^^$£^£^'±^679 bp (1S^J#-^ : 1) ZWbfrlZLtzo 

3 ] D^A> K — h >^{gg^#t::;fctt3RecQ4'x i; gjtfe 

^©^©tfctti 

fcmitk RecQ^\ U -t? 77; U — a^FfcJRf 3 2 o©&9&& h 
h^U*— t?3t€^RecQ4*5cttFRecQ5^^P— ^>^U $?#t£*t^£ (W9 
-200387^ 4M¥10-81492 N & iLKKitao, S. et al., Genomics, 1998, vol. 
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54, pp443-pp452.#HS) 0 Ztib 2 -DCDmmMittbmt) D , t h RecQ'x U £ — fcf 
JSfe^7^^ U— (D*>^— RecQl (M. Seki et al., Nucleic Acids Res. 
22:4566 (1994); K.L. Puranam et al., J.Biol.Chem. 269:29838 (1994)), BLM 

(N.A. Ellis et al., Cell 83:655 (1995)), WRN (C.-E. Yu et al., Science 
272:258 (1996)). RecQ4i5 £ t>*RecQ5© 5 otifr o fc c 

Ztit> 5^>©RecQ^U£-— tf>^n y b$M?r SfT o fc h £ 3,R 
ecQ5 JiRecQl £ mm £ 99 ^ :£T Olli-^f ^ tf ^ ^ & |g£|#&& £ ft 
©fcfcfU RecQ4tt«^MMT*^#^L<^<, JM, 'MS* LTAJiiT- feffi 
l^SI#iJEi§l£ft, BLM^WRNC^fcjjfljBE^S^&^^gRto^nfco BLMhWRNii 

* ti^n a <fc z>* # 3i ;i/ ^— m^mam a afc^x* & & z. t e> , r 

FAV>iiS{:ii@it 0 y >fr-t>lz£ t)#S^£ft, uti$T*tD 

*a> k- h j*v>&mmmm£&m£ti-c^z> 2 A©*#(5am)T*>sn.3* 

J:tni.6Si*©#IBJia43«fcU f DNA N j eLT^n&©iiSllBe&*©iSfflia43«fctW)NA (N.M. 
Lindor et al., Clin. Genet. 49:124 (1996)), Mt>*^±SBP ^ A > K - hAV 

>^n^#i:Mi5^^fife©D^A> k - h >mmmf&mm5fc<Dmm&& 

t>'DNA£ffl^T, RecQ4iH5^©^g£MT Lfco 

mfaftlzl^ Sf, Lindor £ fc J;oT$8££ftTl^S 2 ACDRTSii#, II. 3, I 
I.ejfcJ^Clft^OiE&fclov^RecW cDNAO^rfi^- — 7*> V— ^ >^*7 U — 
Ah, RecQ43t£^©±T©:n*V>^R£PCRfc:J; D±M*S U> *SgIE?!l©$*i£ • 

RecQ4 cDNA©±g2T— ^-f >^7U — AStifi-rSfc»x 2A©RTS 
H#©SI*t^lfflJjatS|tipf>A6PC^[Cho]nczynski et al., Analytical Biochemistry 
, 1987, vol.162, pp. 156-159] id J; £ total RNA£Jfi£BU 01igo(dT)30-fc;bD — 
*b*-X£ffl^TmRNA£§lMU ^T3&te¥(RT)fi;fo£m>cDNA£W&Ufco R 
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ecQ4 cMA(D±M*—7°> V—rJ > ?7 — AlifcTF(^ 2 )©PCRKJfcfcfT 
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2 



1 &ffl&mj& : mMcDM 1 ju 1 

20 jjM &77-C?-(A5/m 0.5 /zlx2 

\0x^y?7— (Clontechth^) 2.5 jul\ 

2.5 mM dNTPs 2 
DMSO 1.25//1 
Klen Taq. polymerase(Clontecltf±M) 0.5 >tzl 

dH 2 0 16.75/zl 

(total volume 25/zl) 



2 : 1 A&Jfom 0. 1 jjl 1 

20 //M =frr^^-(A6/A8) 0.5 /ilx2 

10x/W7r— (Clontech*±iJO 2.5 /zl 

2.5 mM dNTPs 2 /zl 

DMSO 1.25^1 

Klen Taq. polymerase ( CI ontedtftM) 0.5 ul 

dH 2 0 17.65//1 

(total volume 25 ul) 



S/fo^W: lx (94°C 1 min) 

5x (94°C 30 sec, 72°C 4 min) 

5x (94°C 30 sec, 70°C 4 min) 

25 x (94°C 30 sec, 68°C 4 min) 

1 x (4°C oo) 



A5 5'-GAC GGC TGC GCG GGA GAT TCG CTG-3' /mm^ : 15 

A6 5 J -AGA TTC GCT GGA CGA TCG CAA GCG-3 5 /BBWf : 33 

A7 5'-CAG GTT TTG CCC AGG TCC TCA GTC-3' /mm^ : 34 

A8 5' -GTC ACT GCC CTA GCC TCT GAC AAC-3' /MV?m*J : 35 



VCm%BltTiSa—x>f)],fr z>V3 *) ffi LTtttSiU pCR2.1^^- (Invitroge 



WO 00/43522 



31 



rtfiM) lz-y-7'?\3-->yLtzo ^lE^J^fiHattori 5> [Electrophoresis 
13, pp560-565 (1992)]£<£ btZmZtlfz PCR£^-;*{3 Ltzftm^X *)ft-Dtz 
o IP^ Perkin Elmer^tmom^tV rib**/* — X ^ — 



04 A2 (5'-TTG GTC GCA GCC CGA TTC AGA TGG-3 5 /fiE^IIS** : 13) 

04 U (5'-AAT CTG GGA CCT CAC TGT GAC ATC-3' /IB^'J#^ : 31) 

04 T (5' -TCA TCT AAG GCA TCC ACC CCA AAG-3' /I2?'J#-^ : 36) 

04 S (5' -TCA CAA CTT CTG ATC CCT GGT GAG-3' /I#iJ#-i§- : 5 ) 

04 A9 (5'-CTC AGC CCC TCC AGT CAA GCT AGG-3' /mm^ : 16) 

04 137s (5' -GTT TCC TGA ACG AGC AGT TCG ATC-3' /B2PJ*-*f : 37) 

04 F (5' -CTG GGC AGG AGC GTG CAG TCA TGC-3' /WJS^ : 25) 

04 714s (5' -GCT GCC TCC AGT TGC TTT TGC CTG-3' /IffiWJS : 12) 

04 975s (5' -GGA CAC AGA CCA GGC ACT GTT GAC-3' /mm^ : 38) 

04 E (5'-GGG TAC AGC GAG CCT TCA TGC AGG-3' /lajajS^ : 23) 

04 K (5' -TCC TGG CTG TGA AGA GGC TGG TAC-3' /SEEI*^ : 29) 

04 H2 (5' -TTA GGA TCC CAG CTT ACC GTA CAG GCT TTG G-3' /§&m*5 : 28) 

04 HI (5' -TTA GGA TCC GGG GTG CTT GTG GAG TTC AGT G-3' /MVm^ : 27) 

04 2314s (5' -CAG GCC AGA CTC CAG GAT TGG GAG-3' /mm^ : 39) 



^LTApplied BiosystemsttS^©^-— h is— & zc >it— (^7)1 ABI 373) T" 
Jfi3EE?!l£i£#Sfc!K MMO Macintosh^ >b*i — * — lz& ^"r — $ £##r b£ 
o ff^tifc 2 A ©RTSH# r> U— ^ U— A©^^ia?iJ£DNA 

SISJ^SIE^J^V^ hZffl^X, TT-t3$gSLfeRecQ4 cDNA©Jfi2SIE0J (*RHgl¥ 
9-200387-^) bitmLfzo 

&£4V AdMfrt>RecQmte?(D^? V >&mmT 2>tz®, 2A©RTS^#, I 

i.3> n.6&&vznb<DW&(D&mmm&m&&?*S'eifc&&. tne buffer (50 

mM Tris-Cl (pH 8.0), 100 mM NaCl, 1 mM EDTA)fc:!K»U ^fi©TNE buffer 
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+ 2% SDS + 200 /zg/ml Proteinase K£flD;U ^SST* 1 B^telSJiBftl Lfc&, 42 
"CT— Ofe>f >*jl^— >> 3 >U DNAfDflbffl&fr^fco Iii^i07i;-jH: 

ADNA£f#fc 0 iO^y ADNA£|fMt3LTRecQ4?tlH^CDfg9, 10, llx^v 
>$:^tfKS^^-b>^r5'-r^-Q4 C8 (5'-GGA AAT GTG CTG GGA AAG GAG- 3' / 
IE#J#-if : 18) b7 >?~t >X 7^ -1 Q4 C5 (5'-ACC AGT GCC TCA GGT GTC A 
GC-3' /IH^J*^ : 17)£ffllMT, £ £RecQ45ifE^PCDgg 1 3. 14, 15xJpy> 
£^tffl$c£-fe >;*r^-T Q4 E128 (5'-CTC GAT TCC ATT ATC ATT TAC TGC- 
Z'/Wi&m^ : 24)£T>^-t>X7'^-C?-Q4 Dl (5'-CTC TTC ACA GCC AGG AA 
G TCC-3'/E?y#-^ :40)&ffll>TPCRt:j; t)Ji«Ufco PCRi±95°C 5^0^140^ 
N 94°C 30?J> (gft4) x 60°C 30# U>^*). 72°C 60# ©SJE&*3 

t>*MmizLRecQ4mfc^-(Dm9 s 10, 1 l.x=¥-V>£^tf«tSfc:B:Q4 C8rv 
^-^ffl^T, i;£RecQ43il£^©i§ 1 3, 1 4, 1 5 ^ V > £^trfgt$fci± 
Q4 D3:T^v-(5'-AGA GCT GGT GTC CCC GTG GAC-3' /iE^JS^ :41) ^ffl^T 
^a£iB5»J%^Lfco JfiSiayiJ^SttHattori £ [Electrophoresis 13, pp56 
0-565 (1992)] lZ&K>mm^tltz PCR£^-* £ L X *) ft o fco IP*>, P 

erkin Eliner*±M©:g^V t^^^ — — ^ — ^^WT^PRISM^— ^:n> 
h^otS^^ffofco ^LTApplied Biosystems^fcM©^-— h i/ 
-ZiLyy-— (^Eir;i/ ABI 373) T«i£SIE?iJ£I^3t t) , P#Jg© Macintoshzi> 

W±©«fc 5 &RecQ4-\ U £ — t? Mfc^cDi&mmmMtitlz X t) , TiEfc: £ 5 

tz, c©^^©2a©p^a> k — b&v^&mmB^&mmttimb* 
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9%zi — K^©^3£iE^JCDl650te^e>1656fil[©GGCCTGC(iS9y#-^: 3 01734—1 
740&)) (02(a)) t<fc &*ftjat$T-^##$/7 h Us *©*£5U4JggT8tfc: 
Hlgn K>TGA#£DT^fco mut-l©^J|glH££<atr <fc?tz:r^^-Q4 CI (5 
' -TCT GGC CTG CCA CCG TGT CTC-3' /IB^'JH^ : 42) & ^-Q4 C3 (5 

' -TGG TCA TGC CCG AGT GTA TGC-3' /iE9US^ : 43) £l£g+U dft£>£ffl^fcP 
CR£«fc bffiSBODNA (I.143«ttJ c I.2) N *5«fct^0#©DNA (11.3*5^^11.6) ©Rec 
Qmi^(D^>^PM^- K ^©BS 1624-1 675 (iEJW-^ : 3 ©1708-1759 
{4) (52 bp) CDf£i££i§tIU ^f>nfcDNABSM-*15%©^»J7'^ U;i/7^ h'^jP 

m§5,&waizjsv2>faW}m.(Dm£. tt^ait?.; t&T-ztz mi (b)) 0 c©#p 

*Mo©^ (mut-2 tffi-TZ) (is K^*S©Sa£2269(iB5lI 
: 3©2353&)©C#Ttc^L£&©T% &^&£©CAG (Gin) ifinm^ 
h*>C^Utl^c (|2(b)) 0 mut-l:fccfct>"mut-2©i^#^&RecQ4^U#— 
©^'j£ — fc? K*>T -3 T:J3 £s itt^©^Sjlfi-?©«5¥^© 

HSR#&4»-C*I*£U =i- K^^rfi^e>^^tL^RecQ4-sU*— tz©#^Ml 
33 kDatJfc^ fc*£*>fc/h£l,^ (^*l^ft60 kDa:fcJ;l>*82 kDa) 

^TlsMi©^— ^>;*8?#t<Ht ofe$S^smut-l(iDXA> K — hAV>fi{g?l 
JH#II.3:fe«fcO c II.6s aetffcS&fi^CI^iSBIflST'tfcffl^tt. mut-2ttD^A> K 

- h a v>mmmmmu. zis&mi. 6 N Mth*^^s*©i.iTOT"^m^tifeo 

tltZo 
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^11 ""National Institute of Aging (NIA)j <D ""Aging Cell Repositoryj ( 
No. AG05013) £S^£ft"T^-5. ±$Zcom&t&mmmte A > K — hAV> 
^^#S*c7)«}{)^^ai^nfco ^M©^iti^^{iRecQ4 cDNACD^S^-- 

"lis ^*IB#J£&^U lE^^iB^'J^it^-r^C^^cfc <5^f ofco RecQ4 cDNA© 

LTRecQ4«l£^©fg 14,1 5 ai* V >£^tfS«£-iz 7-7 "7 — 
Q4 D3 (5'-AGA GCT GGT GTC CCC GTG GAC-37IE?'J#-s§ : 41 ) 1 7 >?~b >x 7^ 
v*— Q4 D2 (5'-TGG GAA CAC GCG CTG TAC CAG-3' /IB?'J#-*t : 44)£ffll>TPCR 
£ <fc bm^i^tzo ^tzRecQ4mi^(Dm 1 2 N 1 3ac^rV>^^tf^^-fe>^r 
^^v— Q4 Dll (5'-GCC TCA CAC CAC TGC CGC CTC TGG-3' /IB?U#-*f :45)t 7 > 
^-b>^r^-r -x'— Q4 D12 (5'-GAC AGG CAG ATG GTC AGT GGG ATG-3' /IB^JS-Sf 
: 46)£/Bl>TPCRt3j; Ltzo PCR<9^#&±i£©iI t> T"fc& 0 i§*l£*iytD 

NA^M-^MMb. £*i£££IMt3LRecQ4«fc^©!g 1 4 N 1 5 v >£^t?H 
^(3iiQ4 D2^"^-T v-^ffl^t, i;£RecQ4jt£^CDf§ 1 2. 1 3^^rV>£^ 
4fMMt{iQ4 Dlir^>r^-%ffl^T^aiB^J^^L^o ^tif,® 
mmi±2i&£<D%.m (mut-3)s & AIM > h P >12t^* V >13©%#a3t fe^,G 
OT(ItIlt^7 , 7^^»;/Kt- IBWf&^£ft£^fl (mut-4) T'&tK 133 

175. /^ctt>*794T^ y^£&£^bfc*>^Kj»#£b£^Sl£ 
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RTS£#e®T-affi$ftfcRecQ4»£^©£g 


£#3£ £13 








££S?^D#£ft; 1650 7igS^(»ut-l) 


10 






C 2269 T(mit-2) 


14 






a^S^rD«^» 2492 2Jgg**(mit-3) 


IS 








13 


7V-A->7 h 




AG-*AT(nut-4) 









- -eat e^? ❖blm^ »; * fe*aie ^ t: * ^ o t i ^ s * s * s ^ s fc i 

I.3^flS43ctmG05013«©^ i ;(A)+RNA$^¥bTf#fccDNA^^M{3bT- 
ft&cDNA©^*— :T> 'J — ^ U— A£PCRCTiifiLffiSiE^J©flP*r 

Sfrofco WRN cDNAlC&^T^Lfc^&GenBank accession No. L76937T^ 
^nsi88gyi-4555g8Sx SfcBLM cDNAfc^Tii^ Lfc^ttGenBank acces 
sion No. U39817"e^$nS57^3£— 4370^STfeofco Lfrb&#£>, WRNjffc 
J: tfBLMatfc^ C liTOnftiPofcit*^ WRNit 12^*5 ct tfBLMfcte 

fr^RecQ4it15^<D^&DXA> K — h A V LTl^S fct^* S 

o £ £ IEMN'n U £ fc {iiESBLM^ U # — fc? D X A > K - h A V 

(c & v > t RecQ4itfc^ © »3 §l ^fra^a^M? cr £ 

fe7AcD^#©DNAO^M *»#f bs IbJ C 1" £ 1 1 . 3*5 X m 1 . 6 £^#)3 A© 
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Q4 mRMtmmX0^tlt(Di:m^y— if >7*D y V jgffii \z X Y) ft o fe (i4) c 
,##©Mlt^«*^> £T£RNA©}ftm£AGPC&[Choinczynski et al., Analyt 
ical Biochemistry, 1987, vol. 162, ppl56-ppl59] iz X t> ft W ft £>*ifc£RNA 
^^^-U3(dT)^^^^Xt;-X^fflV>Tpoly(A)+ RNASJRISKU&o poly(A)+ R 
NA 5 ^g§lX<D7*D-^y;i/-efi^iU 7;i/*'J^14Lfc^D>7^ 
i^-l:6?Lfe« RecQ4 cDNA©gl*2013~^S2333 (GenBank accession No. 
AB006532)©321 bpOBfttf" fcPCR-Ciilg • lib, Random Primer DNA Labeling K 
it Ver.2 (SrgjitttM, code no. 6045)£ffl^T [a- 32 ?] dCTPCZ £ D 7 

V r— 7JgfSLfc&<D£:7 , D--:7i: It, 7 >r;i/* — £5xSSPEMy , 
50% *M7^ h', 2% ^ U Jl'git h U r> A (SDS), 10 x — h jgjft, 

100 /ig/mlit^M^DNA, lxlO 7 cpm/ml [a- 32 P] dCTPH my D — ^DNA^^tr 
?§M4 J T42 0 C-e-Bfe^ >^r^^— f> s >Lfeo £fc. 7 J >\s&—CD$tm±, 2xS 
SC-0.1% SDSTs ^M3|HlffVV i^MT0.2xSSC-0.U SDST", 65 o C30#*T o fc„ 
M*rfSt4O^tB(iBAS1500->^^A (I±7^MI) CctSt- hv^^7 

^©^^ *54 kbORecQ4 mRNA© U^;Hi N mnx&mm&fflm (U->1) 
tCJt^II.3fi3l5©lii(t^aBia (b — >2) -CfctWSftKM^LTUfco ^flbfemR 

• ;i/ • £>f (Epstein-Barr virus) T" h ^ >^ 7 A LfcB U >;^I£ 
^«tc*5(t^WRNat^©^T*il^^tlT^^ (Y. Yamabe et al., Bioch 
em.Biophys.Res.Commun. 236:151 (1997)) 0 ffe©jHH#Hc;fc^T 7 u >-fe>^ 

MftfeMZtl. mmcD^i&Tmffitf&ZZZttim^ZtlT^Z (I.E. Maqua 
t, RNA 1:456 (1995); L.E. Maquat, Am. J. Hum. Genet. 59:279 (1996)) 0 ^fttz 
M U 2Jfi3l©^« i: 3' * r ^ * 8Msi©£g £ D L T WT -5 -5 — A 
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©/&# (AG05013) *^iiS^LfemRNAcDy-if >7*D ^ hMtitX'lt, lEIi&IMX 
tm^y-f XcDZmcDnMAtmih^titz (04, U — >3) 0 $§l^©mRNAkJ:, * 

7-5^* \*i--miL<D£miz£ ^mm^mim^y^-f i/>y&m%T&Kfz& 

©T\ Z(DU,mz&tf%KecQ4 mRNA©£g&#^ff T"& £ h,©fc>tl£ 0 Re 
Ooi>3X(DRecQmi^<Dmwm<m (U->4~6) MA©*)© (b-> 

DNAie?!j©i£j!i»f xm h titzmfo t t x & d , d * a > k - h a v >^if 

i§#T"&£II.3, II. 6, *5ckt>'AG050l3(iRecQ4jt1S^©^^^ST"$)^^hA s 

g(^2.*)£DT-(i^^o/to 7A©P*A>K- h A V>^{g2¥M#©^Tt>RecQ4il 
1c^©^#fMi£n&frofcM#fcJ:. flfe©«fe^ (P) J^S^ife*©^ g; 

Tffe©#im£SLT^&;i £#^£*l£ 0 D^A>F-hAV>« 

Tii#J;:2>tLj£<fflO£>*iTl^£ (E.M. Vennos et al., J. Am. Acad. Dermatol. 
27:750 (1992); E.M. Vennos and W.D. James, Dermatol. Clinics. 13:143 (199 
5)) 0 RecWfcfi^IB^JSffl^fcfcfe^BrfcJ; tK n*A> K- h AV>«I1¥ 
& <£ & lEfit ti ^ffi T S d £ #T* % % £ # x_ *> ti 2> 0 
[W&m 5 ] triRecQ4-s U A-Bty^D-t^frCffH 
RecQ4©C^^£zj— h'-f : 3 ©2803-3711 fc^tfDNABrJ*^ A 

mmmm^t *-(DpQE307^X S K (QIAGENftHO ©lac promoter/operator© 
TKJfAU C©7*-5-^^ KDNA£ffl^Ts lac repressor^ u— h'T-g)^"^^ 
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£ K£&&bfc*»SM15£fefcBflfcife£-&fco Z<DMnmm#i^ 100 ug/ml 
T>¥is*)> s 25 usMl*1-?-f is>Z<a$Simm (l% Bacto tryptone, 0.5% 
yeast extract, 0.5% NaCl, pH 7.0)T-i£#tU O.D. 600=0.6-0. 7<DB$ 

lz 1 mM IPTG (isopropyl b-D-thiogalactopyranoside) £#Px.T#g3I£§§# Lfc 

o 

^(:iot^ll^iiL, 2% NP-40£^fr Buffer A (50 mM Tris-HCl (p 
H 8.0), 2 mM EDTA, 0.1 mM DTT, 5% glycerol, 1 mM PMSF)*T*jg^«$!L31fc:«fc 

ifcJS!l#£ Buffer A tzJKffiU ^S© 1 M sucrose, -^M©Percoll (SIGMA 
#8!L colloidal PVP coated silica for cell separation) t X < MS LT^jI 
ifr (Beckman €&ifr#K L7-65, SW28D — ^— , 20000 rpm, 15°C, 30 min) Sfr V> 
> §~FJl©g££tAik£f#£o ^n^50 mM Tris-HCl (pH 8.0) T-4|n]}$fc#U B 
uffer G (6 M guanidine-HCl, 0.1 M NaH 2 P0 4 , 0.01 M Tris, pH 8.0) IzmML 
tz'ik. t) Buffer 6 A>t> Buffer B (8 M~l M urea, 0.1 M NaH 2 P0 4 , 0. 

01 M Tris, pH 8.0)Cg«IU £ £ fcPBS£BSl Lfco jSftrSL jS'&5£fflB»tt/ 
fl£Jgil CENTRIPLUS 10 (Amicon^tM) %fflv>T5S^»lSgLfco £Lh©tg^l3cfc DR 
ecQ4^«J*— H?©C*S»^J!« (IB^JS-^ : 3 ©2803-3711, lE?!J#-f : 4 (7^y 
S!IE?'J) ©907-1208) CDlMSfiltfU^f; (0 5), 

»Si:LT, mmLtzM.frt&z.<!?>^?n 50 //g£ Freund complete ad 
juvant £M£"U BALB/cx">^ (731§&, iHf) ©jreft £&#L£ 0 #JIU&«gfr 
&23B&£2|IlBcD&!SfcbT. I^lfcfMi^W^f 50 Ag£ Freund 
incomplete adjuvant fc^^LJKI£rtfc&#Lfco2[sl@©&|gfrk30B&CS& 
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■Mb. Lfci/Ul®*BELISA$£JC<fc !) 560£ :t;i/©Jgil±^£gB^fc$§^ N 450£ x;i,# 
Bttf fe-^fco £ELI SA©8!)3£fiI#ift^55 x ;i/ £ oi>t tgilSgii W\ 

l&XP U— ->^'h|5j#(cmJ^MELISA^{CJ; t) 2&*^ U-^>^£fr^ 

to^TlSJM&IR&TvW :/iJ K— -?%&n—=. >^UELISA&T*BBi4©*n — 

^BALB/c^^tzJIMiLJItTMbU J3t7.k <fc !)ffi£Jfiflr&fcTin#raSi&iTofc 
o ZOXoizlsTmZtitzUPn — >©— ^ K6314£in;RecQ4^'j *— b'^y ^ 

[^»'J 6] P*A>K-bAV >^^i¥B#«CD ^J.^^>7*D^h g?#f 

t hiEmfflfla*5cfct>*o^A> k— h a v>m%mmm&Mmm*m^Ts RecQ 

fcLT#«Lfc*Mi^*H!]l&£SV40 large-TI^TJ&HteifeU i£§t*ffl»fchL/r 
o £ft£©J&«0]3S£PBS-£&7f^ TNE (40 mM Tris-HCl (pH 7.5), 150 mM Na 
CI, 1 mM EDTA)t:S5«biSiMiRLfce ££JcLysis buffer (50 mM Tris-HCl ( 
pH 8.0), 150 mM NaCl, 0.5% NP-40, 1 mM PMSF) t:!S»Lfc^4 o CT?30^HflEffiI 

RADftlL Protein Assay DyeReagent Concentrated ffl l^TMfe bfco 

mmi,tz±mm^tHm^m^tzSdS-?AGE (SDS-polyacryl amide gel electroph 
oresis)fc£, LaemmliCD#& [Laemmli (1970) Nature, vol. 227, p680-685)] iz 
fe-ofzo m%p*miz&Q#>^2M*>f)l'ftT-frM\,tzi$k, h7>777-n^ 
77- (20% methanol, 4.8 mM Tris, 3.9 mM glycine, 3.75% SDS) 4*T% TRAN 
S-BL0T SD (BIO-RADttM) £fflOT. ^S, 20 V, 1 *ffrft<Dm&K*& 
M&JlZ— h D-b;i/o— 7. 7 4 )]/#— (Imobilon transfer membrane, MILL I PORE 
4±SK0 Izmw-Vtzo :07-fM- £5% skim milk/PBS^r^^T* 7rj y >^ u 
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s l*la*MJi&*^ST2RHfTtV 0.05% Tveen 20/PBS}g$ft (PBS-T)T-&#L 
tzo m^X 2&iafr£JsB%^aT 1 B3F£m>PBS-TT8fc#L;fcgU ECL Western b 
lotting detection reagents (AmershantflSSO ^ffl^Tt^tB^fro fc c 

l^^J3{i s 2 //g/ml v">^}nRecQ4^'; ft — -fcf^y ^ D — ^;i/Jn;#;K6314 
, 0.2 //g/ml ^^trtT^^>^'; ^D— ±;UJn#:sc-1616 (Santa Cruz Biotech 
nologytttO (D?l$mm&m\<K 2dZtKmzl±, DAK0*±l£©Horseradish peroxid 

^tf5% skim milk/PBS?gr#£ffl^fco 

iw (wi38/sv40) ©^aBna«im«[Sffl^3t^^^^>^D y mb«t©*s^ 

. fr?mm60 kD 2:^140 kD© 2#©^> Ktftftaj^ftfc (El 6. U — >1)o 1 
60kD©*££fcfcRecQ4*t{EW:3 — h*-T 31208:p 5. y £>^£;ft,£133 kDJ: 

TS-B, Et:RecQ4^'J*— l?^>^^KH:tftm^n3&*>ofc (126, 1/->2 N 3 
)oU±<Dl&mti> -^-;i/m^K6314{itn;RecQ4-\ »J ft — -fc? ^ >/1^ 

^ ft t Iglt T 3 CI £j»fS£*l£o ££RTS-C, D*A> K- h AV>£e§I 

flT- & £ #RecQ4jIfc^ iz #g#> £> ^ S^O«T% IEm« t 

I^«t:EecQ4^»J*— Hf^W^R^tftm^tLfc (126, I/ — >4, 5 ) 0 dft£> 
N }7bRecQ4^'j ft— tf^y ^ D— ^;i/^K6314£ffl^fc ^ > 

cQ43Ifc^ t rT#£T & 3 „ 

©#*r£frofc 0 t h1H4#iH46Jfii^m«K562, 0.5x10 s M (*f»«85j|»g) 
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&-9->r h*e> (tomymxi±m n ^wsmmmiummm. model, sc-2) 

Ts (MATSUNAMIjtf^XttSS. APSn- MtMicro Slide Glass) ic 

iR*f£i*\ 3.7% formaldehyde/PBS^*4>T*s ^SIO^-KH^U PBS-T (0.05% 
Tween 20/PBS^M) T-i5fc^, 0.1% Triton X-lOO/PBSvgr^T^ gi& 5 #Hg*fflll& 
JK©S38<b*frofco 3% skim milk/PBSig^T^ 1 B3F^ 7Dy^>^fr 
ofc& N l»M^lTs 5 Atg/nl IKUctetfifo K6314/PBS+0. 1% BSA+0.05 
% NaNa^MWCTs — BfctfM >^TJ.^— i/3 >%n W PBS-TT&rtU 2 
ftS^fcLt, 7.5 /zg/ml t*^^>1fsl6lHV>>^-r Ay ^*D7*'J >Jrifr (Chemi 

contt) mm^s muimmv-oz-j-^—i/Byzfr^fzo PB-s-re8fc#gL 5 

Atg/ml© FITC*«!8L£X M^hTPtf^ (Pharmingen*±) SSifttK 1 m?£ 
©>f S/3>£frW PBS-TT-^Lfeo 2 //g/ml DAPI/50% glycerol 

«*T-x IS^cD^A^DAPIiCct^^^CD^tit^^tf ofco tfcfcl&s Olympas 
t£« M I* -if ^-WmfflM.. FLUOVIEW system BX50*ffll^TfTofc o 
^O^.RecQ4^>^^MJ±^P^OMK^{3#S^^*H^«{3^ai^ti^ 
(EI7) 0 Cl©^ttRecQ4^>>'^K^P«gT*«ife-rsCli:%^LT*5t)> K631 
4#i£MiRecQ4^ 'j If ©«IIE«¥*f So 

£ t) £ l; £itfc#iT*& 3 CI b&BM^fi^bte^fzoZ-tilzX RecQ4-\ U jb — »fc 
^ ^©IE^J(w^o< r^-T ^b<{i^P-^ N RecQ4^U iz\ 
©iriffc& d ^ A > K - h A v >^Sf©S6^^Wr, m£iuB#iT& 
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1. RecQ4-\U £ — t?£3 — Y-tZ>>fJ ADNAo 

2. gg&g 1 i3gaa©yy ADNAS^fr^* — 0 

3. SS*^g2tcg3ttO'<^^--%«^-rs^«Blflao 

4 . RecQ4^\ U £ — tf F ^&DNA£ £&^©#gJJf§i5^lc; W 7 V V-f 

©tftSt:fflV>Sfc»CDDNAo 

5. RecQ4^U*— K-rSDNA^WS&^fc-rSs D*A>K-bAV 

6. RecQ4-NU - if %m%)f&fr £T dxa> K - h AV>il^MIo 

7. RecQ4^>;*— tf^^-r^^^W^^il-r^^ D*A>F-hAV> 

8. RecQ4-\ U - tf£zi— K-rSDNASfctt^CD^^iafiS^Jao^SStftmr 

9 . m&m8 t|3tt©D^A> K — h A V>^£i¥£tfc£-r3#$ST*fcoT\ 

(a) JS#3&»£DNAim*3l8»iT*Xg N 

(b) li^cJ14 ^IB^ODNA^r^-r^— h LT/B^TJ&i&&3fe©DNA£it<B U 

(c) ^bfc«S^iB5!l*<im#0*f^i:JtlSraxe x 

1 0. si5t<ii8 CCH2m©n^A> K- h A V >j^£S¥&tfcfi-f oT 

(a) mmt^Kum.n^mm-t^jLm, 

(b) ^^^Ft:jsSbTSS«ibfcRNA*^«l'r?)XSx 
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(d) /w^u*vxL/tRNA£t$mu mnmcDMmttmr §m 
(a) mmfrzmAmm&mm-rzjim. 

(c) tiiiSL£DNA£ — *$]IDNAlc8?^£-t±&XfI N 

(d) g?M^-B"^-*tlDNA§#^^±T^-rsxa. 

(a) mmfrzmmm&mm-rzjLm. 

(b) RecQ4^U^— -tf K-r^DNAS/rJi^CD^^gp^^^^tj-SD^ 

(c) ii«LfcDNAWrM-*tftm-rsxg x 
(a) 0#fr£DNAI£*4£Slig-r£X;g N 
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( c ) &e>tntmmmvaizMi^ Ti3©u)fr Miv)©v>rnfr©— at©* u zf* 
y)com& (3' m) #5' ^^ftsi^fc^L^u^^u^Ks 

(iii) Ji«S^^^O^^i:Jg^^^-r^>^*^5' 3fe4« ^ 3& J: -5 
t^bfc*Uzf^^lx^Ki 5< fctjf85[5» 5feSg©»»)©£g (5' #3' 

(iv) ^4i^*©^SJgSfc^rStem#fc^tt*JfiSfcW*^fifc-r* 
D©«£ (5' ffj) #3' StB^JBcSidt^Lfc^Urf^^u^^ 

(d) ^tfe^-yzf^^b^-^ h-^ajtsis, 

lis 

(c) i»Ig^t^^>;^f$^t5ig s 



